Upwelling systems contain a high diversity of pelagic microorganisms and their composition and activity are defined by factors like temperature and nutrient concentration. Denaturing gradient gel electrophoresis (DGGE) technique was used to verify the spatial and temporal genetic variability of Bacteria and Archaea in two stations of the Arraial do Cabo coastal region, one under upwelling pressure and another under anthropogenic pressure. In addition, biotic and abiotic variables were measured in surface and deep waters from three other stations between these stations. Six samplings were done during a year and adequately represented the degrees of upwelling and anthropogenic pressures to the system. Principal Component Analysis (PCA) showed negative correlations between the concentrations of ammonia and phosphorous with prokaryotic secondary production and the total heterotrophic bacteria. PCA also showed negative correlation between temperature and the abundance of prokaryotic cells. Bacterial and archaeal compositions were changeable as were the oceanographic conditions, and upwelling had a regional pressure while anthropogenic pressure was punctual. We suggest that the measurement of prokaryotic secondary production was associated with both Bacteria and Archaea activities, and that substrate availability and temperature determine nutrients cycling.
INTRODUCTION
Bacterial communities are abundant in the oceans and control the rates and patterns of organic matter remineralization (e.g. Martinez et al. 1996) . Their abundance and activity are associated with temperature and the concentration of nutrients (Baltar et al. 2007 , Carlsson et al. 2012 . How its composition varies over space and time is of major importance for understanding the role of microorganisms in marine biogeochemistry (Riemann et al. 1999) .
In general, higher bacterial diversity is found in transition zones rather than in stable habitats (Stevens and Ulloa 2008) . Environmental changes (e.g. physical changes like temperature and salinity or algal blooms) could affect bacterial community and the mechanisms that drive lineage and community functions (Morris et al. 2010) . Teira et al. (2009a) suggested distinct competitive abilities since bacterial group-specific growth rates did not correlated with ambient conditions.
A wide spatial variability in the composition of bacterial assemblages is observed in upwelling and frontal systems, indicating that oceanographic regimes (Alonso-Saez et al. 2007 ) and anthropogenic pressures (Cury et al. 2011 ) are important to shape bacterial community structure. Upwelling regions are known as important places of nitrogen loss in the marine systems as a consequence of microbial activities. For instance, heterotrophic denitrification and aerobic/anaerobic oxidation of ammonium are important for the removal of nitrogen in oxygen minimum zones of upwelling areas (Kuypers et al. 2005) . In a Spanish upwelling system, the process of nitrogen regeneration in the lower layer was estimated to provide ~50 % of the nitrate and ~30 % of the ammonium assimilated in the upper layer (Alvarez-Salgado and Gilcoto 2004) .
Recently, Archaea was recognized as an abundant group in upwelling systems (Quiñones et al. 2009 ) and has an important role in global ocean biogeochemistry, including nitrogen cycling (Turich et al. 2007 ). Therefore, as previously argued by Levipan et al. (2007a) , the inclusion of Archaea in the dynamics of dissolved organic matter cycling and in measurements of prokaryotic secondary production should be considered. Furthermore, Morris et al. (2010) suggested that Archaea are important nitrifiers in nutrient-rich surface waters, which may suggest that Archaea is more important than Bacteria in the ammonia oxidation -at least in the first step of the nitrification process since Bacteria is needed to oxidize nitrite to nitrate (Fuhrman and Hagström 2008) .
The aim of this study was to verify the temporal and spatial variability of Bacteria and Archaea in surface and deep waters from the main Brazilian upwelling system (Cabo Frio region) applying DGGE techniques, for a better understanding of the role of these microorganisms in upwelling systems. Two stations were considered for DGGE analysis, one with a strong upwelling occurrence and another with lower upwelling occurrence but high anthropogenic pressure. In these and three additional stations, we measured temperature, concentrations of inorganic nutrients, abundance of total heterotrophic bacteria, total and thermotolerant coliforms, prokaryotic cells and prokaryotic secondary production. SPATIAL-TEMPORAL PROKARYOTIC VARIABILITY
MATERIALS AND METHODS

STUDIED AREA
In the Brazilian coast, the South Atlantic Central Water (SACW) ascension determines the upwelling event along the southeast-southern portion. Castro and Miranda (1998) considered that SACW is predominating when water temperatures are below 20 °C and that SACW is mixed with other water types when temperatures are up to 22 °C. The Cabo Frio region (23°S, 42°W) is where upwelling occurs more intensely and is described by a change in coastal line direction from north-south to east-west, that approaches the continent and the continental shelf (Valentin 2001) . Both, coastline geometry and bottom oceanic topography, influence the magnitude of upwelling (Rodrigues and Lorenzetti 2001, Calado et al. 2010) . However, upwelling processes are mainly function of higher frequency and intensity of northeastern winds during the spring and summer austral seasons (Castelão and Barth 2006, Calado et al. 2008) . Samplings were done in the Marine Extractive Reserve of Arraial do Cabo (Fig. 1) where different degrees of the influence of upwelling are observed in a small spatial scale (Coelho-Souza et al. 2012) . Though Arraial do Cabo is a marine protected area, it suffers anthropogenic pressures such as harbor practices and sewage disposal (Ferreira et al. 2004 , Pereira et al. 2010 , Cury et al. 2011 .
SAMPLING DESIGN
To represent the spatial variability, five stations where selected to characterize the hydrological changes in the system (Fig. 1) . The studied stations were determined in a transect from offshore (where upwelling is more common) (RE -23°00'S; 42°01'W) to the most impacted area (PO -22°58'S; 42°00'W) (with harbor activities and sewage disposal). Between them, three sites were included: Boqueirão (BO -22°59'S; 42°00'W), Ponta do Pontal do Atalaia (PP -22°59'S; 42°00'W) and Praia dos Anjos (PA -22°58'S; 42°00'W). In each station, surface (S) and deep (F) waters were sampled since water column stratification is associated with upwelling systems.
Surface waters were sampled from 0.5 m and bottom waters from different depths according to the station: RE (50 m), BO (25 m), PP (6 m), PA (17 m) and PO (10 m). To observe the temporal variability, six sampling dates were done between February 2008 and January 2009. DGGE analyses were only done on samples from RE and PO stations, for comparison with a previous study highlighting the upwelling and anthropogenic pressures (Cury et al. 2011 ).
HYDROLOGICAL VARIABLES
Water temperatures were measured in situ using a multiparameter probe (YSI, Model 556) and samples were collected with a 5-L Van Dorn bottle. Sub-samples of 100-mL were collected for microbiological counts (coliforms and heterotrophic bacteria) and placed in sterilized bags. For nutrient analysis (ammonia, nitrite, nitrate and phosphate), 1-L of each van Dorn sample was placed in a polypropylene bottle. For molecular analysis, 1-L of water was collected in triplicate (three van Dorn casts for each subsurface and bottom depth sampling) and placed in autoclaved polypropylene bottles. All samples were stored on wet ice until laboratory processing.
Twenty milliliters of water from each Van Dorn bottle was separated for prokaryotic secondary production and flow cytometry analyses. For Upwelling is common offshore (RE) while PO and PA are the areas more impacted by anthropogenic activities. SERGIO A. COELHO-SOUZA et al. prokaryotic cells enumeration, three 1.7 mL samples of water were fixed with 2 % paraformaldehyde and frozen. Prokaryotic cell concentrations varied around 50 % among the samples, but all three samples were pooled before dye input. Volumes of 1.7 mL of sampled water were used for prokaryotic secondary production analysis. The first step, the addition of 3 H-leucine, was performed under field conditions in triplicate and using a control. After incubation (stopped adding 5 % TCA), the samples were frozen until protein extraction. ) by reduction in cadmium-copper column followed by diazotation; and total phosphorous and ortophosphate (P-PO 3 -) by reaction with ascorbic acid. All these methods are described in more detail in Grasshoff et al. (1983) and Parsons et al. (1984) . Analyses were done in triplicate.
BACTERIAL COUNTING
Total and thermotolerant coliforms were identified only in subsurface waters using MPN methods. Serial dilutions of the water samples (10; 1; 0.1; 0.01 and 0.001 mL) were inoculated in Lauryl Sulphate broth and incubated for 48 h at 35-37 °C to determine the total coliform counts. Positive tubes (presence of bubbles and gas production) were re-inoculated in tubes containing EC broth and incubated for 24 h at 44.5 ± 0.5 °C to determine the thermotolerant coliform counts. MPN tables were used to determine the numbers of total and thermotolerant coliforms (APHA 2000) . The total numbers of heterotrophic bacteria were determined by the spread plate method. Aliquots of 0.1 mL from water samples and from 10 and 100 x dilutions were spread onto plates containing Marine Agar. These plates were incubated at 25 ± 3 °C for 48 h, and after 7 days the CFUs (colony forming units) were counted (APHA 2000). Samples were run 4 times for 1 min at a rate of 2 m s -1 and the discriminator was set to side scatter and orange fluorescence. Prokaryotic secondary production was assessed according to Smith and Azam (1992) . Triplicate samples (1.7 mL) were incubated for 1 h in 2 mL Eppendorf tubes containing L-[4.5-3 H] leucine (Amersham TRK 510; specific activity: 73 Ci nmol -1 ) at a final concentration of 10 nM. The incubations were performed in situ in insulated containers to keep all samples at the same temperatures. One tube was amended with 90 µL of 100 % ice-cold trichloroacetic acid (TCA) as a killed control. After 1 h, the incubation was halted by the addition of TCA, and the samples were frozen. In laboratory, samples were processed for 3 H-protein extraction by centrifugation, and 3 H was quantified on a Packard Tricarb 1600 TR liquid scintillation counter, with internal calibration and quench correction. Prokaryotic carbon production was calculated using a protein/carbon conversion factor of 0.86 (Simon and Azam 1989). SPATIAL-TEMPORAL PROKARYOTIC VARIABILITY
DNA EXTRACTION AND PCR-DGGE ANALYSES
Each 1 L sample was filtered through a 0.22 µM diameter cellulose filter membrane (MilliporeTM) and stored at -80 °C. Each membrane was macerated with liquid nitrogen and used for DNA extraction. The metagenomic DNA was extracted using the UltraCleanTM Soil DNA kit (MOBIO LaboratoriesCarlsbad, California) according to the manufacturer's instructions. DNA integrity was verified by electrophoresis in a 1 % agarose gel in TAE buffer.
The final volume for analysis in PCR was 50 µL in a solution containing 2.5 µL of 10 X PCR buffer, (0.2 mM -bacterial; 0.4 mM -archaeal) dNTP, 2.5 mM MgCl 2 , (0.5 U -bacterial; 2.5 U -archaeal) recombinant Taq DNA polymerase (Fermentas), 5 ng of DNA total of each primer (10 pmol -bacterial; 20 pmol-archaeal) (1 % BSAbacteria only, 1 % Formamide -bacteria only) and sterilized Milli-Q water.
For PCR-DGGE analysis of bacterial communities, the 16S rRNA fragments were amplified by PCR using primers 968f (5'-AAC GCG AAG AAC CTT AC-3') containing a clamp GC (5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G-3') added in terminal 5`, and primer L1401r (5'-CGG TGT GTA CAA GAC CC-3') (Nübel et al. 1999) . The PCR program used, comprises one cycle of 5 min initial denaturation at 94 °C, 40 cycles of denaturation (1 min at 94 °C), annealing (1 min at 50 °C), and extension (1 min at 72 °C); final extension at 72 °C for 3 min.
For analyses of archaeal communities, nested PCR was utilized. In the first amplification, primers ARCH21 F (5'-TTCCGGTTGATCCYGCCGGA-3') (Delong 1992) and ARCH915r (5'-GTGCTCCCCC-GCCAATTCCT-3') (Luna et al. 2009) were used. For second reaction the primers ARC344f + GC (5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G ACG GGG YGC AGC AGG CGC GA-3') and ARCH519r (5'-GWA TTA CCG CGG CKG CTG-3') was utilized (Yu et al. 2008) . For both reactions the PCR program used, comprises one cycle of 5 min initial denaturation at 95 °C, 30 cycles of denaturation (1 min s at 94 °C), annealing (1 min s at 55 °C), and extension (1'30'' min at 72 °C); final extension at 72 °C for 10 min.
The samples were collected in triplicate. DGGE of 40 µL of amplicons of the bacterial/ archaeal 16S rRNA from each sample was carried out using a DCode system (BioRad) at 75 V and 60 °C for 16 h in 1X TAE buffer. The 6 % (w/v) polyacrylamide gels were made with a denaturing gradient ranging from 45 % to 65 % for Bacteria and 8 % polyacrylamide gels for Archaea. After electrophoresis, the gels were stained with SYBR Green I (Molecular Probes) for 40 min and then scanned using a Storm PhosphorImager (Amersham Biosciences).
STATISTICAL ANALYSES
We used Kruskal-Wallis analysis (level of significance = 0.001) to compare the hydrologic variables between the sampling dates using Statistica 6.0 software. A Principal Component Analysis (PCA) was done considering all measured variables. The supplementary variables (nitrite, nitrate and total nitrogen) were determined with a previous Factor Analyses ( James and McCulloch 1990) . The number of accepted factors was determined by Eigen values ≥ 1, and the similarities between all sampling stations were assessed by cluster analysis (a dendrogram using the Ward method and Euclidean distances).
For PCR-DGGE profiles of Bacteria and Archaea, dendrograms were constructed after image capture and the band presence/absence was identified. The band presence or absence, expressed a particular community profile, and cluster analysis (Jacard index) was performed by the unweighted pair group method with average linkages (UPGMA) using BioNumerics software (Applied Maths, Ghent, Belgium). A matrix was constructed for all DGGE lanes, taking into account the presence or absence of each band considering all three replicates of each site. Based on this matrix, we obtained ordinations by non-metric multidimensional scaling (nMDS). nMDS is a nonparametric procedure that uses ranks of the similarities between samples to construct a map in which the positions of the samples reflect, as closely as possible, the dissimilarities among them (Alonso-Saez et al. 2007) . For this analysis, all the three DGGE samples were included in each site analyzed and we applied the Sorensen similarity index (Dalirsefat et al. 2009 ) using Primer software (version 6).
RESULTS
ENVIRONMENTAL AND BIOLOGICAL CHARACTERISTICS
We observed a high spatial-temporal variability in all measured variables (Tables I and II) . In average, temperature was highest (25.4 ± 2.0) during April and lowest (18.7 ± 2.8) during October (p ˂ 0.001). The highest (5.1 ± 0.9) abundance of total heterotrophic bacteria was during February and the lowest (4.3 ± 0.1) during June (p ˂ 0.001), and for prokaryotic cells, the highest (9.7 ± 4.5 x 10 January, respectively (p ˂ 0.001). The concentration of nitrite was highest (2.9 ± 1.4) during February and June (as for total nitrogen = 0.7 ± 0.1) while total nitrogen was lowest (0.03 ± 0.05) during November and January (p ˂ 0.001). However, total nitrogen was better correlated with nitrate concentration. Usually, the abundance of coliforms was highest in the impacted anthropogenic area (PO and PA). Considering all samples, pH oscillated between 7 -9, and salinity between 35 -41 S. Three factors were considered in the PCA and justified 77 % of the total variability. The main factors of variability were the concentrations of ammonia and total phosphorous (with a positive relationship between both; r 2 = 0.68; p ≤ 0.05), as well as the prokaryotic secondary production and the concentration of heterotrophic bacteria (with a positive relationship between both; r 2 = 0.61; p ≤ 0.05). While factor 1 showed a negative relationship between these nutrients and the microbiological variables (justifying almost 30 % of the total variability), factor 2 pooled all these variables against temperature (justifying more than 25 %). This contrast represent the higher influence of upwelling than anthropogenic pressures in a regional scale. Furthermore, more than 20 % of the variability was justified by the negative relationship between temperature and the concentration of total SPATIAL-TEMPORAL PROKARYOTIC VARIABILITY picoprokaryotic cells. Plotting factors 1 and 3, we observed the contrast between temperature and the abundance of prokaryotic cells and between the concentrations of ammonia and phosphorous with the prokaryotic secondary production and the total of heterotrophic bacteria (Fig. 2) .
PCR-DGGE PROFILES
Bacterial and archaeal community similarities were obtained from the main contrasting sampling periods to better understand the structure and dynamic of microbial communities associated with hydrological status. DDGE analysis of Bacteria domain yielded a total of 54 bands, varying from 24 ± 2 (POF) to 15 ± 2 (RES). The repetitions (casts of sampling) were clustered together in the dendrogram, showing a minor variation between the sampling dates and a major variation between the sampling locations (Fig. 3) . The first division observed was between deep water samples from offshore and the other sites; regardless of the sampling date. The second group was separated in two subclusters, being the subcluster 1 formed by the site with anthropogenic pressure in April and January, and the subcluster 2 formed by all the RES samples and the POF samples of October (period of intensive upwelling occurrence). DDGE analysis of Archaea domain yielded a total of 47 bands, varying from 14 ± 1 (POF and RES/April) to 6 ± 1 (REF). The DGGE analysis showed a higher homogeneity between the samples than that observed for Bacteria. There were two main clusters, with the casts 1 and 2 of the POS of April forming an out-group. The main group I was formed only by offshore samples, while the main group II was formed by inshore samples except for the presence of the three casts of the RES samples of October. nMDS analysis confirmed the high difference between offshore and inshore samplings regardless of season (Fig. 4) . Unlike for Bacteria, that had the casts of the same sampling point always grouped together forming the basal groups, the archaeal analysis showed some variations of these An exception was observed for RES samples from April, when the highest temperature was observed in this and all other sites. In this sampling date, RES had more DDGE bands and was more similar to POF samples from this date and to a lesser degree to the October samples. Even at PO station, divisions between surface and deep waters and sampling periods were also observed. Considering the offshore station, the major separation occurred during January, mainly from deep waters, followed by the surface waters of October. Deep waters from April and October samplings presented almost 50 % of similarity.
DISCUSSION
Our results showed that upwelling and anthropogenic pressures drive microbial dynamics in function of temperature and nutrients. We suggest a coupling between temperature and substrate availability determining the assemblage composition, biomass and microbial activity in the Cabo Frio upwelling system (Pomeroy and Wiebe 2001) . Despite temperature can regulates microbial metabolism (Feuerpfeil et al. 2004 ), temperature did not limit prokaryotic growth. The work of Massana et al. (2001) , showing the microbial growth in Antarctic waters is an example of this. Hoppe et al. (2006) considered that substrate supply is more important than temperature in the regulation of microbial growth on a large spatial scale. Troncoso et al. (2003) also reported that substrate availability seems to be more important than temperature in determining microbial activity and abundance in the Humboldt Current System.
As observed herein, Levipan et al. (2007a) found no coupling between the prokaryotic secondary production and its abundance, and suggested that it could be associated with the presence of a wide range of cell metabolic stages and/or the sudden environmental changes that favor modifications in carbon incorporation pathways. These authors also reported that almost 60 % of prokaryotic secondary production was bacterial (we found 61 % of correlation between PSP and THB); and that bacterial heterotrophic production was negatively correlated with ammonium and temperature, but positively correlated with phosphorous. We found a positive correlation between both nutrients and Carlsson et al. (2012) observed that additions of C, N and P (alone or in combination) stimulated microbial growth and activity in both inshore and offshore stations in the Arraial do Cabo coast. In this nutrient input, there was highest heterotrophic production as well as during sewage discards (Coelho-Souza et al. 2013a) . Heterotrophic bacteria are important to P cycle as dissolved inorganic P consumers (Duhamel and Moutin 2009) and phosphorous spurs bacterial growth (Yuan et al. 2011 ).
PROKARYOTIC ASSEMBLAGES, TEMPERATURE AND NITROGEN
CYCLING
In a previous work, Cury et al. (2011) reported different microbial assemblages between PO and RE stations. In the present study, we showed a high spatial heterogeneity of prokaryotes in the coast of Arraial do Cabo, associated with South Atlantic Central Waters (SACW) dispersion, as well as due to human activities. Furthermore, we showed that the prokaryotic assemblages can vary temporally. Prokaryotes have welldefined niches and the community composition is controlled by abiotic factors such as nutrient type and availability, as well as physical and chemical conditions. For example, dominant heterotrophic and autotrophic bacterial lineages exhibited physiological responses, changing with the nutrient concentrations in the South Atlantic waters (Furhman and Hagström 2008) .
Considering that microbial composition could be predictable in a system, and that bacterial SERGIO A. COELHO-SOUZA et al. diversity is generated and maintained by effects of temperature on the kinetics of metabolism (Fuhrman and Stelle 2008) , DGGE analyses are discussed following Cury et al. (2011) Cury et al. (2011) found an expressive contribution of Bacteroidetes, Proteobacteria and Cyanobacteria phylum. The highest abundance of Archaea (mainly Euryarchaeota phylum) was observed in both natural and artificial eutrophication stations, suggesting the role of this domain in nitrogen loss in the studied area. Roseobacter, Gammaproteobacteria and Bacterioidetes are abundant bacterial groups in coastal upwelling systems and the assemblage structure is associated with nutrient limitation (Alonso-Saez et al. 2007 , Teira et al. 2009b ). The rise of temperature stimulated Roseobacter and Gammaproteobacteria. H-leucine incorporation rates and prokaryotic biomass were positively associated with Bacteriodetes and Gammaproteobacteria but negatively associated with Alphaproteobacteria. Roseobacter, Bacteroidetes and Gammaproteobacteria had a positive correlation with labile substrates, total bacteria abundance and the concentration of dissolved organic matter, but it was negatively associated with nitrate and phosphate. Alphaproteobacteria are active colonizers of particles and good competitors under low-nutrient conditions and its presence opposes Bacteroidetes (Teira et al. 2008) .
Following these studies, some scenarios are suggested in function of the measured abiotic and biotic variables. Factors 1 and 2 of PCA could correspond to a nitrification process with microbes consuming ammonium and phosphorous, and the total nitrogen indicating the nitrate accumulation due to ammonia and nitrite oxidation. Factor 3 shows the importance of temperature and nitrate controlling prokaryotic growth. We suggest that an intense nitrification process in deep waters occurred during the October sampling. Both REF and BOF sites had the highest prokaryotic secondary production associated with high concentrations of nitrite and nitrate, but with low concentrations of ammonia and phosphate. The growth of Betaproteobacteria was associated with the nitrification process in other upwelling system, in experiments done with similar temperature as reported here (Teira et al. 2011a) . A positive correlation between nitrification process and ammonium and phosphate concentrations was observed, and Carlsson et al. (2012) showed that these nutrients control the prokaryotic growth in the Cabo Frio upwelling region. On the other hand, prokaryotic secondary production in January was below the detection limit, whereas the highest concentrations of phosphate and total phosphorous were observed herein. Phosphorous could have limited the prokaryotic growth in April and June. These situations could favor growth of some bacterial groups such as the Alphaproteobacteria class, for example (Teira et al. 2011b) .
The absence of SACW constrains an oligotrophic system, with an intense bottom-up control, that predominate the microbial food web structure. Cyanobacteria are the major primary producers, as well as nanophytoplankton, and heterotrophic bacteria are active consumers of cyanobacteria´s dissolved organic matter. In this situation, we suggest that Alphaproteobacteria compete with Bacteroidetes and Gammaproteobacteria, and light should be an important factor determining their depth distribution (Coelho-Souza et al. 2013b ). Gamma-, Beta-and Deltaproteobacteria, as well as Crenarchaeota are important for nitrification/ denitrification processes. During the SACW ascension, diatoms, as well as anammox bacteria and Crenarchaeota attached to the particles, reach the surface, and the high concentrations of nitrate favor an intense primary production after SACW SPATIAL-TEMPORAL PROKARYOTIC VARIABILITY mixture and water warming. The high diversity intensifies the herbivorous food web structure and prokaryotes make use of dissolved and particulate organic matter.
With regard to the sampling depth, the division between prokaryotic assemblages was evident (Cury et al. 2011 ). The warmest temperature observed for samples collected in April was associated with the higher similarity of Archaeal community between RES and POS/POF sites than between RES and REF. Temperature could be more important in controlling the composition of Archaea in surface waters and of Bacteria in deep waters (Feuerpfeil et al. 2004) . Usually, prokaryotic secondary production was higher in RES than in REF, the exception was observed during the intense upwelling sampling (October). The highest concentration of total nitrogen in surface waters during October could be associated with other forms of nitrogen (other than nitrite and nitrate). The abundance of Planctomycetales at RES observed by Cury et al. (2011) suggest that this phylum could be important to oxidize fatty acids with short-chain, including the reduction of nitrate via nitrite to ammonium, as a result of the metabolically versatile anammox bacteria activity (Woebken et al. 2007, Thamdrup and Dalsgaard 2008) .
ANTHROPOGENIC PRESSURE
The abundance of prokaryotes was highest during the first stage of the upwelling season (September) and could be associated with the suspension of benthic microorganisms. On the other hand, the concentrations of coliforms and heterotrophic bacteria, as well as the prokaryotic secondary production, were highest during the summer months, a season associated with touristic activities increasing local population. Coliforms were also present in the other samples, showing the role of global-scale actions on local-scale pollution, represented by basin scale oscillations, as well as oceanographic and atmospheric processes (Boehm et al. 2004) . For instance, the role of topography in water circulation explained the presence of fecal indicator bacteria at seaward stations of Senegal coastal waters (Bouvy et al. 2008) . Sewage disposal could also favors Crenarchaeota development (Furhman and Hagstrom 2008) , mainly in Anjos embayment (Cury et al. 2011) but Crenarchaeota assemblage success is not essentially associated with fecal pellets or any kind of compact macro aggregate (Levipan et al. 2007b 
RESUMO
Os sistemas de ressurgência possuem uma grande diversidade de microrganismos pelágicos e sua composição e atividade são determinadas por fatores como a temperatura e a concentração de nutrientes.
A técnica de Electroforese em Gel por Gradiente
Desnaturante (EGGD) foi utilizada para verificar a variabilidade genética espacial e temporal de Bacteria e Archea em duas estações na costa da região de Arraial do Cabo; uma com maior pressão da ressurgência, e a outra sobre pressão antropogênica. Além disso, as variáveis bióticas e abióticas foram medidas nas águas superficiais e de fundo de outras três estações situadas entre essas estações. Seis amostragens foram realizadas durante um ano e representaram adequadamente os diferentes graus de ressurgência e de pressões antropogênicas no sistema.
A Análise por Componente Principal (ACP) mostrou uma correlação negativa entre a concentrações de amônia e de fósforo e a produção secundária procariótica e o total de bactérias heterotróficas. A ACP também mostrou uma correlação negativa entre a temperatura e a abundância de células procarióticas. As composições de Bacteria e Archaea foram variáveis, assim como as condições SERGIO A. COELHO-SOUZA et al. oceanográficas, e a ressurgência teve uma pressão regional enquanto a pressão antropogênica foi pontual. Sugerimos que as medidas de produção secundária procariótica esteve associada à atividade de ambas Bacteria e Archaea, e que a disponibilidade de substrato e a temperatura determinam a ciclagem de nutrientes.
Palavras-chave: diversidade microbiana, incorporação de leucina, citometria de fluxo, temperatura, disponibilidade de nutrientes, Sistema Brasileiro de Ressurgência.
